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1 | INTRODUCTION
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Summary

Previous work has found adverse mental health symptomology in women living with
obesity, compared with those of healthy weight, around the time of pregnancy. This
meta-analysis aimed to explore the association between anxiety, depression, and
weight status in women living with obesity before, during, and after pregnancy. Biblio-
graphic databases were systematically searched, and 14 studies were included, which
aimed to assess the association between excess weight and anxiety or depression out-
comes in women before, during, or after pregnancy. Data were analyzed via narrative
synthesis and random effects multi-level meta-analyses. Scores on mental health indi-
ces were significantly greater (indicative of worse anxiety/depression) in women with
obesity compared to women of a healthy weight, around the time of pregnancy
(SMD = 0.21 [95% Cl: 0.11-0.31; 95% prediction intervals: 0.13-0.56], I*> = 73%,
p < 0.01). Depressive symptoms were greater during and after pregnancy (SMD = 0.23
[95% Cl: 0.13-0.34; 95% prediction intervals: —0.12 to 0.59], I = 75.0%, p < 0.01),
and trait anxiety symptoms were greater during pregnancy (SMD = 0.24 [95% CI:
0.01-0.47; 95% prediction intervals: —0.25 to 0.72], 1> = 83.7%, p = 0.039) in women
living with obesity, compared to those of healthy weight. Narrative evidence suggests
that socioeconomic status and ethnicity may modify the relationship between obesity
and mental health symptomology. The findings indicate that maternal obesity is associ-
ated with greater anxiety and depression symptoms. These findings may inform the

design of maternal weight management interventions.

KEYWORDS
anxiety, depression, obesity, pregnancy

1993.r Of note, the prevalence of obesity in women of child-

bearing age has also increased; therefore, more women are enter-

In 2019, 29% of women in England were living with obesity (Body ing pregnancy with obesity.? Obesity is associated with the risk of

Mass Index [BMI] > 30 kg/m?), which has increased from 16% in developing numerous non-communicable diseases and can lead to
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premature mortality.> Obesity during pregnancy carries additional
risks, including increased risk of gestational diabetes, pre-eclampsia,
babies being large for gestational age, and maternal mortality.* Evi-
dence suggests that pregnant women living with obesity have an
elevated risk of adverse mental health outcomes, including greater
risk of depression® and anxiety.® Such disorders exacerbate psycho-
logical distress around the time of pregnancy and may lead to diffi-
culties regarding mother-infant attachment,” as well as parenting
stress.® Psychological distress during pregnancy may also induce
adverse birth outcomes such as preterm birth, low birth weight,
and intrauterine growth restriction.”*°

Molyneaux et al.** previously conducted a broad systematic review
and meta-analysis in this area and observed a greater risk of depression
in women living with overweight and obesity in both the antenatal (liv-
ing with obesity odds ratio [OR] = 1.43, 95% confidence interval
[Cl] = 1.27-1.61; living with overweight OR = 1.19, 95% Cl = 1.09-
1.31) and postnatal period (living with obesity OR = 1.30, 95%
Cl = 1.20-1.42; living with overweight OR = 1.09, 95% Cl = 1.05-
1.13). Molyneaux et al.1! also observed a greater risk of antenatal anxi-
ety in pregnant women living with overweight or obesity compared
with those living with a healthy weight (OR = 1.41, 95% Cl = 1.10-
1.80). Since publication of this review, several subsequent studies have
been published,”*?"*” demonstrating inconsistent results. For example,
recent studies have shown associations between weight status with

1315 whereas others have found

depression before or during pregnancy,
no association between maternal obesity and depression® or anxiety.*
Therefore, an updated review of the evidence base is required.

The equivocal findings in the literature could be related to
inconsistencies in study design and/or between-study differences in
participant characteristics. For example, it appears likely that socio-
economic status (i.e., education, income, and occupation) may moderate
the association between maternal obesity and mental health outcomes
given the known association between low socio-economic status and
greater risk of obesity,*® as well as poorer mental health outcomes.'? In
a prospective cohort study of 5,522 women, a significant interaction of
socio-economic status and BMI was observed on the risk of antenatal
depression.?®> Women of a high socio-economic status living with obe-
sity were twice as likely to encounter antenatal depression than a con-
trol group living with a healthy weight, and no association between
obesity and antenatal depression was observed in women of a low
socio-economic status. Similar moderator effects may also be observed
regarding socio-demographic factors, given the physical and mental
health disparities related to factors such as ethnicity.?°?? A greater
understanding of how socio-economic and sociodemographic factors
influence the associations between weight and mental health outcomes
around the time of pregnancy may help to tailor interventions.

As such, this systematic review and meta-analysis aimed to explore
the associations between anxiety, depression, and maternal obesity
before (up to 3 months), during, and after (12 months) pregnancy. In
addition, this review aimed to evaluate socio-economic and socio-
demographic factors, which may moderate this effect. A better under-
standing of these associations and moderating factors may inform strat-

egies to manage mental health in women around the time of pregnancy.

2 | METHODS

This study was registered prospectively in the International prospec-
tive register of systematic reviews (PROSPERO) database
(CRD42021267682) and was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.?

2.1 | Search strategy

Electronic bibliographic databases MEDLINE, PsycINFO, and Embase
were searched via Ovid and limited to English language and publica-
tion date of the 2000 onwards. The prospectively registered search
strategy utilized Medical Subject Headings (MeSH), Boolean opera-
tors, and was run through to July 15, 2021. The search strategies
included terms for pregnancy, weight, mental health, and study design
(cohorts). For a detailed overview of the search terms, see the
supporting information. Search results were exported to EndNote,
where automated and manual deduplication was performed. Search
results were then exported to an online systematic review manage-
ment system (Covidence), where further automated deduplication
was performed. Reference lists of eligible articles were also screened
for any further eligible studies.

2.2 | Eligibility criteria

2.2.1 | Inclusion criteria
The following types of studies were included: prospective cohort and
longitudinal studies of any duration, which aimed to assess the associ-
ation between excess weight and anxiety and/or depression.
Additional eligibility criteria included studies published in English;
studies conducted in high-income countries (gross national income
per capita of $12,536 or more using the World Bank Atlas method),
so that conclusions can be drawn from countries generalizable to the
United Kingdom; participants aged 16 years or older; participants liv-
ing with obesity (defined as a BMI of >30 or 227.5 kg/m? in those
who identify as being of Asian ethnicity) and a reference group of
individuals without obesity; studies conducted in women who were
planning pregnancy (up to 3 months prior to conception), pregnant, or
post-pregnancy (up to 12 months after pregnancy); and mental health
conditions (anxiety and/or depression) evaluated with validated diag-

nostic or screening tools.

222 | Exclusion criteria

The following types of studies were excluded: systematic reviews,
meta-analyses, narrative reviews, randomized controlled trials (RCTs),
retrospective studies, case-control studies, cross-sectional studies, gray

literature such as dissertations, conference proceedings, magazine
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articles, books or book chapters, opinion pieces, information obtained
from websites, reports, and other non-peer reviewed literature.
Additional reasons for exclusion included studies conducted

exclusively in women with gestational diabetes.

2.3 | Screening and data extraction

The titles and abstracts of records were screened by two independent
reviewers to evaluate their eligibility for inclusion in this review. The
full texts of potentially eligible articles were retrieved and indepen-
dently appraised by two independent reviewers. Data from eligible
papers were extracted into a pre-piloted spreadsheet by one reviewer
and checked by a second reviewer. If there were discrepancies
between reviewers, these were resolved via a group discussion includ-
ing a third reviewer. Data extracted included first author, year, study
design, country, pregnancy stage when BMI was measured, pregnancy
stage when outcome was measured, participant health status, ethnic-
ity, socioeconomic status, BMI, method used to evaluate BMI
(e.g., self-report or objectively measured), age, outcome measure and
domain, and outcome data for BMI 230 and <30 kg/m?.

It should be noted that where data have been extracted verbatim
from included reviews, we have altered language that reduced people
to their medical condition. The alterations made ensure person first
language throughout this report (e.g., “living with obesity” has

replaced “obese individual”).

24 | Quality assessment

The quality of each included study was assessed by one reviewer
using the Effective Public Health Practice Project (EPHPP) Quality
Assessment Tool for Quantitative Studies.?® Studies were rated as
strong, moderate, or weak in the following six domains: selection bias,
study design, confounders, blinding, data collection methods, and
withdrawals and dropouts. An overall rating was given to each study
as strong (no weak ratings), moderate (one weak rating), or weak (two
or more weak ratings). Quality appraisals were checked by a second
reviewer, with disagreement resolved by group discussion including a
third reviewer.

Analyses were carried out to explore whether associations
between weight status and depression differed between studies,
which were appraised as strong and moderate according to quality
appraisals. We did this for depression outcomes only, due to the larger
number of effect sizes available. Two studies were rated as “weak,”
one of which was included in the meta-analyses. A sensitivity analysis

was conducted by removing this study.

2.5 | Data analysis

Data were analyzed via narrative synthesis and random effects multi-

level meta-analyses. Studies were heterogeneous in their methods
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and also their outcomes, which led to a variety of different effect sizes
of interest (e.g., ORs and mean differences). As such, we followed
guidance from Polanin and Snilstveit?* and converted all effects to a
common effect size, in this case, the standardized mean difference
(SMD). Here, the SMD represents the difference in mental health
symptomology between individuals with healthy weight and individ-
uals with obesity. Positive values represent greater anxiety/
depression symptoms in individuals with obesity relative to individuals
of a healthy weight. The SMD is expressed as a change in the pooled
standard deviation between the two groups and is calculated as

follows:

Mental Health Symptoms in Individuals Living with Obesity
— Mental Health Symptoms in Individuals Living with Healthy Weight

/ Pooled Standard Deviation.

Rules of thumb suggest SMD = 0.20 is an effect size that is small
in magnitude, SMD = 0.5 is moderate in magnitude, and SMD = 0.80
is large in magnitude.?52%

Where only one effect size was provided, we aimed to include
this; however, several studies provided multiple effect sizes of inter-
est. For example, in Bogaerts et al.,® we were able to extract informa-
tion to compute effect sizes for mental health outcomes at each
pregnancy trimester. To ensure all these effects could be accounted
for, we conducted a multi-level meta-analysis. Multi-level meta-
analysis separates the variability of effect sizes within studies from
the variability of effect sizes between studies.?” In this case, the
addition of multiple effects from the same population does not
increase the likelihood of Type 1 error. For the primary analyses, the
multi-level model was a better fit of the data than a single-level
model, as assessed by the loglikelihood ratio test (LRT = 4.31,
p = 0.038).

We examined statistical heterogeneity using the I1? statistic,?® a
relative statistic that can be expressed as a percentage, indicating the
amount of statistical heterogeneity in the meta-analytic model. Con-
ventional guidance suggests I? values >50% are indicative of moder-
ate, and values >75% indicative of substantial heterogeneity. We also
estimated 95% prediction intervals for each meta-analysis.?’ Predic-
tion intervals provide a range by which the true effects are to be
expected for 95% of similar studies that might be conducted in the
future. To identify any potential outlying effect sizes, we created a
box plot of the effect sizes and any that were >1.5 * interquartile
range were identified as outliers and removed from analyses for sensi-
tivity checks. Publication bias was examined using Egger's test.%° All
statistical analyses were conducted in the “R” programming language
using the “metafor” package. To compute effect sizes and sampling
variances, we used the “escalc” function. To convert ORs to SMDs,
we used the “convert_odds_to_d” function in the “effectsize” pack-
age. This uses the formula EXP (SMD * i/SQRT (3)). ORs can be inter-
preted as the increased odds of worse mental health symptoms as a
result of living with obesity during and after pregnancy (compared to
healthy weight). Data and analysis scripts can be found online
(https://osf.io/bxjru/).

85U8017 SUOWILLIOD A1) 8|qed ! [dde au Ag peuenob aJe sl YO ‘@SN JO Sa|NJ o} Akeid178U1IUO /8|1 UO (SUONPUOD-PUB-SW.B) W00 A8 | M Afe.d|Bul[UO//SANL) SUORIPUOD pue swie 1 8y} 88 *[£202/ZT/ST] Uo ArIqiTaulluo A8IM ‘AINN STIOO0IN NHOE TOOdHTAIT Ad 899€T 1GO/TTTT 0T/I0PAL0D" AB WA leq Ul Uo//:Sdny WOy pepeoumoq ‘0 ‘X68..9%T


https://osf.io/bxjru/

GRIFFITHS €T AL

4ol | \WLEY—OBESITY
3 | RESULTS

3.1 | Study selection

A total of 5,014 records were identified from searching the three data-
bases. After duplicates were removed, there were 3,303 records that
were screened on title and abstract. Of these, 3,207 were excluded, and
96 were screened as full texts. Following full text appraisal, a total
14 studies were eligible for inclusion in this review.>®12-1731-36 p
PRISMA flow chart of the study selection process can be found in
Figure 1. A list of the records that were excluded at full text screening,

with their accompanying reason for exclusion, can be found in Table S2.

3.2 | Characteristics of included studies

Of the 14 articles included in this systematic review and
meta-analysis, 14 explored associations between weight status and

FIGURE 1 PRISMA flow diagram of study selection.

Records identified from databases ’ db .
(n = 5014) Records removed before screening:
c
2 - Embase (n = 2692) - Duplicate records removed (n = 1711)
] - MEDLINE (n = 1568)
SE - PsycINFO (n = 754) —> - Records marked as ineligible by
S automation tools (n = 0)
°
- Records removed for other reasons (n = 0)
) i
Records screened Records excluded
EEEE—
(n =3303) (n =3207)
Reports sought for retrieval Reports not retrieved
-11]
£ (n=96) (n=0)
c
()]
(1)
5]
wv)
Reports assessed for eligibility Reports excluded (n = 82):
e
(n=96) Not a relevant publication type (n = 40)
No relevant outcome (n = 16)
Not a relevant population (n = 16)
—
Not a relevant time period (n = 4)
Not a relevant setting (n = 3)
§ Studies included in review Not a relevant control (n=1)
E (n=14) Duplicate (n=2)
—

depression, and four explored associations between weight status and
anxiety. Anxiety and/or depression were assessed at various points
throughout pregnancy ranging from 12 weeks'? up to 42 weeks,>*
and post-partum in two studies (up to 12 months®®) (Table 1). No
studies were found relating to the pre-pregnancy period. Additional
study characteristics can be found in Table S3. Depression was most
commonly measured using the Edinburgh Postnatal Depression Scale
(EPDS, n = 7 studies). Studies also measured depression symptomol-
ogy using the Centre for Epidemiological Studies Depression Scale
(CES-D, n = 4 studies), the general health questionnaire (GHQ, n = 1
study), an adapted version of the Participant Health Questionnaire-2
(PHQ-2, n = 1 study), and via Structured Clinical Interview for Diag-
nostic and Statistical Manual of Mental Disorders: DSM-IV and
29-item Structured Interview Guide for the Hamilton Rating Scale for
Depression-Atypical Depression Symptoms Version (SIGH-ADS, n = 1
study). Anxiety was measured using the State-Trait Anxiety Inventory
(STAI, n = 3 studies) and the General Health Questionnaire (GHQ,
n =1 study). State anxiety refers to the current state of anxiety,

85U8017 SUOWILLIOD A1) 8|qed ! [dde au Ag peuenob aJe sl YO ‘@SN JO Sa|NJ o} Akeid178U1IUO /8|1 UO (SUONPUOD-PUB-SW.B) W00 A8 | M Afe.d|Bul[UO//SANL) SUORIPUOD pue swie 1 8y} 88 *[£202/ZT/ST] Uo ArIqiTaulluo A8IM ‘AINN STIOO0IN NHOE TOOdHTAIT Ad 899€T 1GO/TTTT 0T/I0PAL0D" AB WA leq Ul Uo//:Sdny WOy pepeoumoq ‘0 ‘X68..9%T



1467789x, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/0br.13668 by LIVERPOOL JOHN MOORES UNIV, Wiley Online Library on [13/12/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

_Wl LEYJL”I

OBESITY

GRIFFITHS ET AL.

(sanuuo))

9|eas ajels

3y Ajuo 3uizi|inn (JLS) Juswnasul
AjaIxuy jied] ajels Ajixuy

'9|e2S uolssaidaq ssIpnis
2130]01wapId] J0) 213ud)) :uolssaidaq

3|eas uolssaida( [eyeu3sod ysinquip3

3|eas uolssaida( [ereulsod ysinquip3

9|eag uoissauda |ejeu3sod ysinquip3
AlojusAu| Ajaixue jiel] 93e3s :AlaIxuy
a|eas
uoissaida salpnis [ediSojolwapidy
10J 243ud)) :uoissaldag

a|eas uolssaida( [eyeulsod ysinquip3

3|eag uoissaidaq
sa1pnis [edi8ojoiwapidl 10} 213U

alleuuonsand yjjeaH [esauan

9ledg uolssaidaq |ereuisod y3inquipl

9le2g uolssaidaq |ereulsod ydinquipl

(IVLS) AdojuaAul A3aixuy el |
-93e)5 pasipiepuels yoing :AlLixuy
9Jeas uoissaudag
|ereu3sod ysanquip3 :uoissaidaq

(SAV-HDIS) UoIsISA swodwAs
uolssasda |ed1dAyy--uoissasdag
J10J 9[e2S 3uljey uojjiweH sy} oy

9pINY M3IAISIU| PaINIONIIS WRN-4Z

pue AI-INSQ :siapJosiq |elus|A Jo

|enueln| |ednsiiels pue onisoudelq
J0J M3IAJSIU| [BDIUI]D PR4NIdNJIS

(5)|003 Juswalinseay

Aaixue
3 uoissaidaq

uoissaidag

uoissaidaQg

uoissasdag

Ajaixue
R uoissaidag

uolssaudaq

uojssasdag

Aaixue
R uoissaidag

uojssasdag

uojssasdag

Aysixue
R uolssaidaq

uoissaidag

(A&3a1xue/uoissaidap)
awo2no

uol}e}sas syeam 0Z-9T

uol3e3sasd \S)eaM-Zg pue -gT
uolje}sad

SABM T —/+0Cpue T —/+GT
(uorye1sad syeam-zf

pue -Qg Usam3aq) J93sawlLi} piiy |

Aoueudaud Sunng

wnedisod s)oam g-9

Adueu8aud
J9}Je SY99M Z'8Z~17'C pue uoeysas
SH9aM 4E-ZT Wouy sawi ajdinin

uol1e}sasd syoaMm 8Z-9¢

Adueudaud

(s99Mm 8'0€) -938| pue ($399M £'17)
-PIN ‘(S99M ZT) -Ale]

wnjed)sod syjuow 9 pue
(uonelsad yoam g/ ) Aoueusdaud piy

(423S3WILY PIE) SHOM HE
-0F PUE (19}53UL} PUZ) S399M ZZ-8T

uoI1e}Sas Sy9aM-9¢ pue ‘-0g ‘~-0Z

(swo23no) adejs Adueudald

HUSIA |ejeu-aud 3s414
Adueu8aid-aud
uolje}sad

SRPM T —/+ 6T

Adueu8aud-aud

Adueudaud-aud

Adueudaud-aud

(199m g)
Adueudaud Ape3

(s123m Z21-0T)
Adueudaud Ape3

Adueudaud-aud

Adueudaud-aud

Adueudaud-aud

Adueudaud-aid

(Ina)
98e3s AoueuSaid

vsn
N
N Y3 pueelfesny ‘pueja|

‘puejeaz MaN :Apnjs [euoijeu-iRnin

vsn

vsn

vsn

puejuiy

AN

vsn

vsn

wni3jpg

vsn

uoijeso’]

"S2IpPN}S Papn|dul JO SofIsiRdeIEYD)

Apnis Joyod
9AIDadsoud
Apnjs Joyod
9AIDadsoud
Apnjs Joyod
9AI1Dadsoud
Apnis Joyod
9AI1Dadsoud

Apnis Joyod
9AI329ds0.d

Apnjs Joyod
9AI329ds0ud

Apm3s Joyod
9AI0adsoud

Apnis Joyod
9AI0adsoud

Apm3s J104yod
9AI0adsoud

Apnis 1oyod
9AI0adsoud

Apnis Joyod
9AI10adsoud

Apnjs Joyod
9AI1Dadso.d

usisap Apnis

AR
J9||eIsyny

or 1B
XNesauA|o|n

st B
XNEe3UA|O|A

ve 183
pJeuoa

ce B 39 elele]

I8
2J31sInoDe

Jlew
usuie|ndwny|

718 39 uesu|

281 P13

erle 19 P13

Jlew
syoedog

e l8
Jeupog

uoneyd

T 37avl



soit1 | \W1LEY—OBESITY

(Continued)

TABLE 1

Outcome

Pregnancy stage

(BMI)

Measurement tool(s)

(depression/anxiety)

Pregnancy stage (outcome)

Location
USA

Study design

Citation

Depression Adapted Patient Health

Post-partum (2-4 months after

Pre-pregnancy

Prospective

Sundaram

Questionnaire-2 (PHQ-2)

delivery)

cohort study

etal3®
Walker®®

Centre for Epidemiologic Studies

Depression

Immediately postdelivery, 6 weeks,

Pre-pregnancy

USA

Prospective

Depression Scale

and 3, 6, and 12 months

postpartum

cohort study
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asking how respondents feel “right now,” whereas trait anxiety refers
to stable aspects of “anxiety proneness.”” Pre-pregnancy BMI was
used as a measure of exposure in 10 studies and during pregnancy
BMI in four studies, while anxiety and depression were monitored at
various points during pregnancy (range: 12 to 36 weeks gestation)
and up to 12 months post-partum.

3.3 | Anxiety and depression combined

Twenty-nine effect sizes from 14 studies contributed to the meta-
analysis. Overall, scores on anxiety and depression were significantly
greater (indicative of worse mental health) in women with obesity
(BMI > 30 kg/m?) compared to women of a healthy weight (BMI 18.5
to 25 kg/m?), during and after pregnancy. The effect was small in
magnitude (SMD = 0.21 [95% Cl: 0.11 to 0.31; 95% prediction inter-
vals: 0.13 to 0.56], 12 = 73%, p < 0.01), which is the equivalent of an
OR ~ 1.46 [95% Cl: 1.22 to 1.75]. Removal of the one outlying effect
size® slightly reduced the overall pooled effect, although it remained
statistically significant (SMD = 0.20 [95% ClI: 0.11 to 0.29; 95% pre-
diction intervals: —0.09 to 0.49], p < 0.001). Egger's test of funnel plot
asymmetry was non-significant (Z = —0.22, p = 0.827).

3.4 | Depression

There were 19 effect sizes (from 14 studies) examining depressive
symptoms/diagnosis. Depressive symptoms were greater in women
with obesity compared to those of healthy weight, during and after
pregnancy (SMD = 0.23 [95% CI: 0.13 to 0.34; 95% prediction inter-
vals: —0.12 to 0.59], 12 = 75.0%, p < 0.01; see Figure 2), equivalent to
OR ~ 1.52 [95% Cl: 1.27 to 1.85]. Removal of the outlying effect size
reduced the pooled effect to SMD = 0.20 ([95% Cl: 0.12 to 0.29;
95% prediction intervals: —0.04 to 0.45], I? =58.1%, p < 0.001),
equivalent to OR ~ 1.44 [95% Cl: 1.24 to 1.69]. For depression,
15 effect sizes came from during pregnancy and 4 from post-
pregnancy. During pregnancy, the effect size was SMD = 0.25 [95%
Cl: 0.12 to 0.37; 95% prediction intervals: —0.14 to 0.64], 1> = 75%,
p < 0.001, and post-pregnancy the effect size was SMD = 0.19 [95%
Cl: 0.04 to 0.35; 95% prediction intervals: —0.07 to 0.46], 12 = 58%,
p = 0.016. There was no significant difference in the effect sizes dur-
ing vs post pregnancy (X2 [1] = 0.13, p = 0.719).

3.5 | State anxiety

There were three effect sizes (from one study) examining state anxi-
ety symptoms. There was no significant difference between women
with obesity and healthy weight during pregnancy (SMD = 0.08 [95%
Cl: —0.13 to 0.28; 95% prediction intervals: —0.21 to 0.36]), equiva-
lent to OR ~ 1.16 [95% CI: 0.79 to 1.66]. However, care should be
taken when interpreting this finding as it consists of only a small num-

ber of effects from a single study.®
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Bodnar et al (2009) Depression } i 0.59 [-0.07, 1.25)
Bogaerts et al (2013) Depression, 1st Tri l—-—{ 0.09 [-0.20, 0.38]
Bogaerts et al (2013) Depression, 2nd Tri [ 0.59[0.29, 0.89)
Bogaerts et al (2013) Depression, 2nd Tri ]—n—-l 0.30 [ 0.01, 0.60]
Bogaerts et al (2013) State Anx, 1st Tri i—-——l -0.13 [-0.43, 0.16)
Bogaerts et al (2013) State Anx, 2nd Tri l—n—{ 0.17 [-0.12, 0.46)
Bogaerts et al (2013) State Anx, 3rd Tri }——-—l 0.19[-0.10, 0.48)
Bogaerts et al (2013) Trait Anx, 1st Tri |—-—| -0.07 [-0.36, 0.23)
Bogaerts et al (2013) Trait Anx, 2nd Tri [ 0.39[0.10, 0.69]
Bogaerts et al (2013) Trait Anx, 3rd Tri |—-—.—{ 0.19[-0.10, 0.48]
Ertel et al (2017) Depression, pre-natal | 0.20 [-0.24, 0.65)
Ertel et al (2017) Depression, post-partum : | 0.44 [-0.03, 0.92)
Ertel et al (2015) Depression : : 0.12-0.38, 0.63]
Insan et al (2020) Depression, British } - | 0.03 [-0.40, 0.45)
Insan et al (2020) Depression, Asian l——.—l 0.07 [-0.10, 0.24)
Insan et al (2020) Anxiety, British |——.—| 0.09 [-0.07, 0.26)
Insan et al (2020) Anxiety, Asain l——l—l 0.07 [-0.08, 0.22]
Kumpulainen et al (2018) Depression during = 0.27[0.17,0.37)
Kumpulainen et al (2018) Depression post . 0.28[0.17,0.38]
LaCoursiere et al (2010) Depression I 4 0.05 [-0.45, 0.55)
Laraia et al (2009) Depression severe obesity | 0.37[0.23, 0.52)
Laraia et al (2009) Depression obesity b 0.69 [ 0.54, 0.85)
Laraia et al (2009) Anxiety severe obesity b 0.31[0.17, 0.46)
Laraia et al (2009) Anxiety obesity —a— 0.61[0.46, 0.77]
Leonard et al (2021) Depression }—n—i -0.03 [-0.16, 0.09]
Molyneaux et al (2016) Depression |—-—| 0.17 [-0.15, 0.48)
Molyneaux et al (2016b) Depression l——n—l 0.21 [-0.06, 0.48)
Rubhstaller et al (2017) Depression }-—-—{ 0.27 [-0.03, 0.56)
Sundaram et al (2012) Depression i—l—l 0.08 [-0.04, 0.20]
RE Model R 0.21[0.11,0.31]

| I | | |
-0.5 0 0.5 1 1.5
Standardised Mean Diff
FIGURE 2 Forest plot of all effect sizes contributing to the pooled effect for studies evaluating depression before and during pregnancy in

women living with obesity (BMI > 30 kg/m?) compared to women of a healthy weight (BMI 18.5 to 25 kg/m?).

3.6 | Trait anxiety compared to those of healthy weight during pregnancy (SMD = 0.24
[95% CI: .01 to .47; 95% prediction intervals: —0.25 to 0.72],
I? = 83.7%, p = 0.039; see Figure 3), equivalent to OR ~ 1.55 [95%

Cl: 1.02 to 2.35].

There were seven effect sizes (from three studies) examining trait anx-

iety symptoms. Symptoms were greater in women living with obesity
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0.39[0.10, 0.69]

Bogaerts et al (2013) Trait Anx, 3rd Tri }

Insan et al (2020) Anxiety, British
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Laraia et al (2009) Anxiety severe obesity

Laraia et al (2009) Anxiety obesity
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——a— 0.07 [-0.08, 0.22)]
—— 0.31[0.17, 0.46)

0.61[0.46,0.77)
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0.24[0.01, 0.46)

-0.5

0.5 1
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FIGURE 3

Forest plot of all effect sizes contributing to the pooled effect for studies evaluating trait anxiety during pregnancy in women

living with obesity (BMI > 30 kg/m?) compared to women of a healthy weight (BMI 18.5 to 25 kg/m?).

3.7 | Methodological quality of included studies

Seven studies were rated as “strong,” five studies as “moderate,” and
two studies as “weak.” Specific details of the quality appraisal for each
study and assessment domain are provided in Table S3. From studies

»12.14-17.32.35 there were seven effect sizes.

that were rated as “strong,
Within these studies, depressive symptoms were greater in women

with obesity compared to those of a healthy weight (SMD = 0.10 [95%

Cl: 0.02 to 0.19; 95% prediction intervals: 0.02 to 0.19], p = 0.013).
From studies rated as “moderate,”>¢1331:33 there were 11 effect sizes.
Within these studies, depressive symptoms were greater in women
with obesity compared to those of a healthy weight (SMD = 0.36 [95%
Cl: 0.24 to 0.49; 95% prediction intervals: 0.04 to 0.69], p < 0.001).
There was a significant difference in effect sizes between the strong
and moderate studies (X2 [1] = 7.86, p = 0.005). Specifically, higher
quality studies had smaller effect sizes. Of the 14 included studies, all
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were rated strong for confounders, and data collection methods, while
no study achieved a strong rating for selection bias, or study design.
Removal of the one study rated as weak overall did not substantially
influence the overall effect size for depression (SMD = 0.26 [95% ClI:
0.16 to 0.36]; 95% prediction intervals: —0.06 to 0.59).

3.8 | Moderating factors

It was not possible to formally synthesize the impact of socio-
economic or sociodemographic characteristics on associations
between anxiety, depression, and weight status, given we found just
one study that reported on socioeconomic status'® and one study

that reported on ethnicity.*

4 | DISCUSSION

This systematic review and meta-analysis explored the associations
between anxiety, depression, and weight status in women living with
obesity during and after pregnancy. Findings from this meta-analysis
demonstrate that overall mental health is significantly worse in
women living with obesity compared with women living with a
healthy weight, during and after pregnancy. Specifically, depressive
symptoms were greater in women living with obesity compared with
those of a healthy weight, during and after pregnancy, and greater
trait anxiety symptoms during pregnancy. No statistical differences
were observed in state anxiety, albeit findings were derived from just
one study. There were insufficient data available to statistically assess
whether, and to what extent, socio-economic and socio-demographic
status may affect this association.

The finding that women living with obesity demonstrate greater
prevalence of depressive symptoms compared to those living with a
healthy weight, during and after pregnancy, is in accordance with
a previous meta-analysis conducted in this area.ll Specifically,
Molyneaux et al.'* demonstrated greater prevalence of depressive
symptoms in women living with obesity in both the antenatal and
post-natal period. The findings are also concordant with the extensive
body of literature demonstrating the association between obesity and
depression in women of a child-bearing age who are not pregnant.®®
Reasons for greater prevalence of depressive symptoms in women liv-
ing with obesity during and after pregnancy are likely synonymous
with non-pregnant women. From a biological perspective, depression
may occur due to the obesity-related activation of inflammatory path-
ways>? and/or dysregulation of the hypothalamic-pituitary-adrenal
axis.*® Alternatively, and likely a larger contributor to depressive
symptoms in women living with obesity during and after pregnancy, is
the psychological distress associated with weight stigmatization and
discrimination.** Mental health symptomology may be further exacer-
bated by both obesity and pregnancy related health conditions such
as gestational diabetes.!!

This meta-analysis is also consistent with Molyneaux et al.'! in

demonstrating that women living with obesity during pregnancy have

_Wl LEYJL”I

greater trait anxiety symptoms compared to those living with a
healthy weight. This elevated anxiety may be a result of pre-existing
knowledge regarding the risk of diseases associated with obesity dur-
ing pregnancy such as hypertension and gestational diabetes.®*2>43 |t
should also be noted that in the non-pregnant population, weight has
been found to positively associated with both anxiety and depres-
sion.** Interestingly, no significant association was observed between
weight status and state anxiety around the time of pregnancy; how-
ever, these data were only derived from one study.® Further research
should be conducted regarding state anxiety symptoms given its suit-
ability in detecting anxiety in relation to specific events. This may be
particularly useful in this context given the prevalence of anxiety
inducing events throughout the course of pregnancy.*>#¢

In the present review, it was found that the quality of the
included studies significantly influenced the strength of the pooled
effect size for depression, with higher quality studies having a smal-
ler effect size. The main reason for the differentiation between stud-
ies rated as “moderate” or “strong” was the blinding of outcome
assessors and participants. Therefore, it is potentially possible when
outcome assessors and participants are not blinded, bias could be
introduced, and effects observed in the studies could be artificially
inflated.*” Although this is speculative, it is recommended that out-
come assessors be blinded to protect against detection bias, and par-
ticipants be blinded from the research question to protect against
reporting bias.?® There was insufficient data to definitively deter-
mine moderating effects in meta-analytic models. Future research is
required to further establish the moderating effect of socio-
economic and socio-demographic variables on the association
between weight status, depression, and anxiety around the time of

pregnancy.

4.1 | Implications for policy and practice
Findings from the present systematic review and meta-analysis sug-
gest consideration must be given to anxiety and depression, in addi-
tion to traditional weight-related outcomes in maternal weight
management interventions. Maternal weight management interven-
tions should consider how mental health support can be integrated
into relevant interventions, given elevated risk of anxiety and depres-
sion. Maternal weight management interventions should assess men-
tal health symptomology to identify those individuals at risk and allow
signposting to relevant mental health support services. This support
may be provided in a number of settings including community mental
health centers, residential treatment facilities and housing, and clinical
and hospital settings.*®

Future research is required to evaluate how mental health sup-
port services may be integrated into current maternal weight manage-
ment services. Early treatment of anxiety and depression may
increase the likelihood of mitigating associated psychological distress,
as well as birth outcomes such as preterm birth, low birth weight, and
intrauterine growth restriction.”® In addition, further research is

required to establish the influence of socio-economic and socio-
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demographic factors on the association between weight status and
anxiety/depression in women around the time of pregnancy.

It should be noted that this research area is one of an evolving
nature, and this review includes literature published up to July 2021.
Since our systematic search was conducted, further relevant research
could have been published. On October 2, 2023, we conducted a
non-systematic search for further eligible articles and did not find any

additional literature that met all the inclusion criteria of this review.

4.2 | Limitations

Although this meta-analysis provides a valuable synthesis of evidence,
it is important to acknowledge several limitations. This meta-analysis
relied upon observational evidence, which means that causal infer-
ences cannot be made. However, our focus on prospective cohort
studies minimized the risk of reverse causality, which may be greater
in other observational study designs (e.g., cross-sectional studies).
Additionally, the tools that were used to assess anxiety and depression
were heterogeneous, making comparisons between studies difficult.
Finally, studies do not always control for pre-pregnancy depression/
anxiety status or the use of medications to treat these conditions. Sim-
ilarly, the presence of comorbid psychiatric conditions was rarely mea-
sured or controlled for, which could have biased results.

5 | CONCLUSION

This meta-analysis demonstrates that obesity during and after preg-
nancy is associated with greater anxiety and depression. These find-
ings should be considered in the design of maternal weight
management services. It may be useful for such services to identify
individuals with anxiety and depression and subsequently signpost
and/or provide relevant support. Future research should consider
how mental health support can be integrated into existing weight

management settings.
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